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A RWkEiMW.HE I’m FlE3iEW@

BylS.S&W&-and% Bradt - ~

The powr plantpwposed m 1$03 by Ren& Im5n ocmsisbs,as”
IB known,of only oneflow channeldqsl~ in qu@ a WY that the
cmntlnuouslyW- air mntm~ to the Mrectlan of fll~t Is
f hat dewed dam and. damned ~, thm heatedand aOC8kW3tSd beyc+
the Infbw velacltyat the dlmhar~ &WFioe. “ .

h the present paper the specltlcassuqticms arenmdethat
the 3J3GoocwxiIn a frustum-dwqed dlffnaarof lo” Includedan@e;
Wat at its end fllehUe addedto the air;that the mu@stion .1.,
than takesplaceIn e oyllndricslcmlmstion chamber,henceat
Increasingcauibustimgas velocityand decreasingmdhstim gas .
~esswe; and lastly,that the combustion-s Is @isohati@Jdthrou@
a conicalexpanslcmnozzle,so that the vdmlemotm?assumesthe
shapeaP a pltottubewhichhencefcmthwillbe calledJettube for
shcu’t.
.. .

This deei~ alongulth sewmal pressure,temperature,and
velocityocmdltjxmsat a certain operationalstateare represauted

(XPmlru8t, %3?fomance,

and Efficiency

The mitmeqpentappro~te calculatlm of the Jettubepermits
a gulckand fairlyaccurateaccourrtof the fUwelUmtal cheraoter-
lsticsCXFthe Jet tubeas a pm unit and rests cm the apprdmte
a8SqpthMi that the Inccaulngair Is slowed h to zmm speed, thd
the IIMSS of the added~ls is ne~gtble ompra d to the msa of

*1~ er elnenLm?lmnltrlebfb SlwahlJ&@r.11DeutschaForEclnm$-
sanstalt~ .sege~lugE.V.,ErnstU/let,Mnr~ Oberbayern,11943;
DeutemhaLWtfebiifcmmhmg, Ihrbmfnachmfynund MlttelL&,
Nr. 35Q)* PtiblWhad by ZsWcBm,J3erMi-AdJ,sm@mfo.
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atr, that no flow losses‘W* b-the-Jet t&j and that the speclflc
heat beforeand afterocailmstionis t@ acme.

The thrust P as the vemtorialmm aF all exoessmesmrW3 of
the gas cm the Insidewrfaoe of the t@e Is then:

‘(fqz--- $ “ (1)““VI)x Pllrlvl

oross-sectionalarea of Inflow,metEox?
,

l!.
density,Isllograiwseocmik?per meter .”

. .

speedof Inflow@ air, meters. per aetxmd.

: aped of outflowing cxdimetion @fi6es “

T~) T3 absoluteatqnathn temperaturesd inflovlngand.outflqying
mum

These,’-ticm tamperatumsfollowfrom the energyeqmtian .
at

AV12
?2 = % + ~mp

.,

and

Avf
T3=T4+=

where
. .

A meohanloalegulvalent of heat,koal/kgm

8 ~vttational aocelerati.cm,“meters
...

‘P
epet)tficheat of gasesat mmstant

..

per seconde 1... .

~eeske, koal/)&
..
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.* M* ** 9(h *l/E@o) requlrd to ~uoe thle-t
‘“””18

., ._.!..-,-... ..-------.... .
.“

mnoe Ylth aa“ CM&y Cm%’eot~* *e fWw “m-a ~
IS abouteqwl to VI,.the qfflqienoyof,the ent-- powerunit cm
be expressedas:

(2)

Both the thrustand the effloiencyof the Jet tubetherefme
Inomase as the f3quare& the f%ylnq speetl~

IrIcmsequence,the thrustosn be rapresentodby a propulsive
efflolenq CT referredto the maximumovom-sectionalabea F :3

. (3)

..

Thesepr&leive offioienolescd!the J - t~e alsoare shown
nmmrioeUy in figwes 3 end 5 fow T1 = 2& mand S!I.6.5?K and

for the value IF1/F3o 0d6 ohosm aftm test e~rlenoes. Several
Ov values obtaineiby a.oourate oaloulattug ( ohapter M) alsome
Inoluded. The addedfuelIMEMIInvolvedef..ecta,becauseof the
nmeesary enlare .@ r4/rl> an Inoreaeei.n ~ amuntlng to
abmt U. peroentat the hi~”-temp~”etures;the”ccmelhbd m“iatton
ti.im .% .afurthewImreaee by about 3 Reroeirt without both ~
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that 1s, the laticw effeot aota a@nat the otkm
that the absolutemapitude. .0$tie ~ ~U falrw
by the appmmlmtion, but ita variation,mdemte
With V W SVSll m-BOS at M* teCQeZ%3tim0... . ...

: Lastly,the fuel mMmUJ&n m ~ *
oan be almp~ eqmssed with

. .. .

.,

twlnsuch almy
Wd.1 OoaFimd
by itself,deoreasee

.:. .... . . .

“AkQaaton thiuat

(4)

.. ..

4 on the.’ussurip-

““”rlswa 6ana7eh&henmxmum thm.aat ~u~
F2 F3

.*.W

aeotichalarea of _jettubewiththe reapwtlve fuel ccmaumpthn B
aM effldmaoy q for Stoiohimmtciohydrooarlmncauilmatlcmcm the
basisof H = 10jOOO koal/kg;’F1/RQ= 0.I.6;~ E 0030;

(T3 -%--0 end stmulwd”a%mephere fdr all altittis of

fl.i@t and fly@ spdadsIn qumwal. “

The effectot flyfngap0t3iland altltud.eon thrwt, thrust
hcmepgwer, fuel omamqptlq and pfficienoy@ the hi~-t~tura
Jet tUbe is.readilyapparent fYCSUthtwfr diagrmns; “

. . . .

.-. . .. 2. Aoommte.Calmlatlon aF the Jet !lhibe““ ‘
..“..

-The &a& check@ & &w ~ooesa In the Jet tube has tM
Qtiblg’gurpoa”qof v~ the eocuraoy@ the a~xlmate .wMu-
latiomafor’m, pbye5,fuel oquswptlan,+ efflolenoyeuulof
s~ dab on the Ueel~ & the jet t~ and the qnantitl~s. qt.

lhatioft&e@seslnthetlibO. . “ .
. ... .: .C. .
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It is aoocanpllshedwith the
theorem,the omtinulty relaticm

equation& enargy,thk.mnmmtlan
and equationof tite withdltmnoe

- for’%he-’iMIYAIIfubl InE&is,the varlatltiia-of the’spetif iobets and
the adlabatioeqmndnts b re~ot to taqpedmm-azul mlzlnlreocm-
positlm, as wl.1 u tie actual xaax3nnq orosa aedicgu3 & the tybe, ,
hanoe with the follow5ngrelattons:Betveen l?~ allal?~ the
equatlcnlC& mer~ Is

. .
equaticm of ccmtlnulw ,

. .

oquatiuu& phaseoha~

betwam F2 and F3

%( )OT +&22
PQ 2C

muLlanlmIlltheareml

. .
. . .

.- . .

.. .

. . .
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F~ and F4 the

L
)’jj

3
C*W+

Cmtlnulty reMti& “

. ., .. . . .

. .

JA-2 -
2g3 = c#+&

so

% + % - ~474%

equatlm of phasechange

.

‘dT3 91P4 %/%-U 1-e.—— --——-

91P3 0i/T4 %/%
e -1 0 -1 l-e .

,

%=2n ———
P1

.

(whereby pi denotesthe&artiel pressures, ei the ohaz73ctsm-

Istic teqperatmesof ~0, C@, ~, “ana C@.

J3quatlond state

,.P4% W3=R
— = 74T4 074T4

. . .

..
The flow losses,heat losses,effectsof dissociation,and

incompleteccanlmstiunnot taken careof by tho calculatimare
evaluatedseparately;so, w$ilethe exactcalculaticmoffersno
fundammtal dlfflculties,the paperwork Involve&Is considerable
c~d to the approximatemethod,and the gzmral representability
of the reeultaIn closedfom is lost.



r- “

,.

- ..

,’

.

RMhlTM~OCU06 7

Only fcm the.exmt m@2ulatlon of the propulslcqLcoeffl-
olerrtsov.9P/@2 can olosedfmmulas be ~+en In tw sptmific

llmlt~ caAe8. w Of th8s0*93x3 * the pradi@JY -ant
low f- 6peeduhemewe flow can be regardedas bmmgre mime;
h~ce, wltbflow lossesdlmqgmded

.:“. .

av m . ( !5)

H the Jet tube Is “c.pmwct~designed,the propulsionmeffl-
elemtin this case can be deAucedfrom surfaceratiosor easily
measuzwbleexcesspressuresand surfaceratioo● With Fe/FL—> ~

/
and B4 lP2~l, ~ apprc&che8the limltvalue ~ = 1.

The aeccmdertrem caseoccizrewhenthe inputen~~ betwmn
eeotims F2 and F3 18 e~ct~ 8~ mt -t ~ = p4 = PIJ

@ F4 E F3-EF2. .

m tliat Cm3rlt

I

~ -PQ-P1+Q:”V2 ~“ “
.. v— Q 2 ()

~.

..

Uhem. ”

.“ ..

....
., ..

,
. .

(6)
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Re”atrlctedto flyingape6deqp to via a O,9 EIOaa to avoid
100alEmpeomonlcvelooitles,the ~opulsive efflcd.sncy.of”nozzlelesa
tubeswan at the mmt anmmt to cv E 1.22 m the amnmptlon of

Eiwfldmlt Inputenergy.

This secondthecmeticallyInterestingMmlt~ easeof a Jet
tubewithoutspemlald.ieoharcenozzle,henceticomca?at~ ~
the ftmstum-shapedzer and the cyli.ndrloalcdbustion ohambm,
IS m~~tia ti flgme 8, -e the pressurerise in the IWYusar

(refereedto q = p#/2] for I.&-tie diffuserflow,henoe
100-percentdiffuserefflciemoy,and ov 16 plottedfor U.1’ferent

Maoh mmibera via independentof the hei@t of emmg I&putagatmt
aid.poaaiblemm cmas-seotionumntities r@2 ●

~ Using M“@-grade hy&ooarbons,suchas ootane,fcu’fuel,the
energyinput‘ith 658.3koal/k& referredto dlschar~egas is limited
and the then stilLpossiblepropulsioncoefficientsthemselvesare ‘
llmltedto cv = 0.74 for B’@2 = 0.266 at sea level,and to
Cv m 0.79 fm F~r2”= o ●232 at a K-kilometeraltitudeof fli@t.

Utillz~ otherfuelsjsuohas of lightmetaldispereicms,
metalalkylsor li@t metals,suohas alumfnumor ma@eslLuu@oh
evenham additionallywithatmosphericnltro~, the uppw Malt
of the obtdnabla ~-values mn be pushedstillhi@mr.



“ These Oo.namwationa on IKm@.eleaa J* tlibesare of thaoretlod
b biamBt” mly Wnoa the nozzleless ,Jet~ub@ @esi@ has a numb-~of

~aotioal drawbaokaocmparedto the Jet t~e with dimhar~ nok216;
for exmqple, it doesnot yl’eM.ithe hl@estipossibleapalues, has

grea%em fuel oauslm@icm,lnfericmstrer@h Prmles, and Ia@h
cold-reslatanoemef’flcients,

. ..

The aigmiwxtmalrea~ lnQlohte,howvam, how cauoretethe .
aamqptiow regardingfuel,flylnghelgbt,mtto ~ g-aces T3/~2J
and so forth,must be fm fm ~@ oal@aticm U the c~eotive
&ate m phasequant$tlea,dealgn,and.performnoe oharacterlstiosof
a ceu?talnoperatingstateare to be IWXJS.

. . & the subsequenterdotoaloitlatiaaP mare ~eral “oondltlons
Emveralmn~te pmmdsee, jn~atti~ f- the desi~ ~ Jettubes,
must be advanoedagain.

These apeolalesmmptims are obieflya~ folJ.owa:

1. The ohosenfuel is ootana,witha low heat valueof
H = 10,600koal/kgand an alr reqw!remnt .Of15.11ldlogl?amaper
Mlo@un & fuel, The combustionwaa computedfar stoiohiqwtrto
ootane-alrratiozand F* exoessof air, the faotor m “denotes
the multl.pleof the stolohima@trlofuel-airratio.-The valufm
m E 1.O,0.9,0.8, 0.7, and. 0,1 -e takeninto comideratiom.

h the oases of 1.0 and 0.9 the alrea&~traceabledlsmoiaticm
of C% h CO and ~ WS dime-d. The errcmjntroduoed

Intothe mfavorable case@ m = 1.0 and E Idlcmeters’fly%
hei@t amountedto M!3 = -WOO and cauaed a detericmhion in Ov

by &v a -0.02, . .

Q. The celloulatlma-e made on the asampticm & standard
atmoaplmrefcm 0.4-and 12-kllcaw& altitudes. h the ohdoe of
thesehei@t6 the hei@t”rangeImportantf= tie expalmantalt-
fllghtapJpyeda part. “Xucldautally,it alynihlbe uotedthat,
llmlarotherwiseid.entlcalo~tianE, ~, Vh, @ appropriate Fk
are more susoqtibleto alr ~ture varlatlanbTL” ~ to “

GlMn@8 in the alr ~sawe pl. “
. .

. .
The aooelkqmtl& (Y~ o ~) of &e air”~&’ ~l?ZV~”_,

aooordlngtb equation”(1),not on the abaoltiehei@t of the heat
. .. ,. ..

. .
3. . .

,
.,
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-a wethrustcan be ralsadby
by ~a~~d initialheat content,

..

bwaased heat Iqptias wall“as“
that is, Iower TIO

Therefcm?e~ end F4 .varypemceptib~ with Tl, .fcw equal

,qwww ~mt Q}. eg~l Vi/a, and equal Pl; Wle 6 - In
a&..pz@3sur0PI aloneIs Ineffective,withinthe nmthmwtioal
aoo=acy, a~ far as ov and Fh are omwmnedt

The”inoreaseof Cv vdth decm)adng Ixaq)ersture TL is Mm ,

to th~ taot that,w$th Tl~ O underotherwisecon6tantuc@L-
tions,the adiabaticWessurq rise In the Mffuser (~ - PI)
beoaes inflnlte, ThesefactsA be bornein mind at.@departures
of the aotuaLatampheaw frum the Etandardahmphere. ..

3. In the seleotla Of the ratioof diffuserinletarea ~
to F1/FQ fow faotme affectedby thisratioplay a decisivepart●

They @e: . ...
.-.

The coeffldent of ~qpul.shn ov

The nmst Inportantof thesequantitiesare representedAn “ ..
flgwes 9 and 10 for the f~~ speeds v/a = 0.3 and 0,9
aqcorddng~o we rea.yl.ts.:~tlw e.xao$,calc@@3n a@nst. ~@2

f~ tiigqs ,?,~ hel@ts without.c@sMer@icxt to the flov logses..:.-..

The variationof all four quantitiesfor H E 12 kllawt~s
and vja = 0.9 is Indicated In the followlngtable;the ~ wera



. .

Ocmuteilfrcm.the WaJJ. frmtlon on a MM Of 2950meters lnaxwmn
s oroif3-aeotic%al-titer: - ‘ ----- :-

The ~-values thaefcwe inoiwasecmnsistatlywith decreasing

Fe toam@mmnear F~=l?4, ~dependon H and v.

Thesemxlnmma are al~ to the faot that,for @vamIspeclfio
ener~ abscqtlm and henceGIvau Fl, the thruststartlqIat

Fe = F1 Inmwsee oontlnwuslylese,so that the ~ referred
to Y2 must pass throu@ an extreme.

Thus the ht@.est~-values are obtalne~with #et ttiesthat
have a small&Lflohargenozzlewtth,EIay,10-to 20-peuwentmnatrio-
tlcm of themax.lnumorosa-seotimalarea. The coefflolemtsUP the
free thruot (cv - Ow) @ve a flattermaxi.mumbeoauseof the .

steadydem?easeof ~ with Inoreaslng3’1/F2.

inorease

that tie
20 to 30

with deoreaslngF2 the fuel oonsumptionsB themselves

and espeoia13yso fcm ~-~F2 valuesaboveaboutOS1.6,so

fuel ocaunmpticmof the tube of mmhuum ~ is about.
perosnthi@a? than that of the P1/F2 . 0.I.6tube.

Therefae, If no @cm restrlotlom existed, the ohoioeoii
R’1/F2aouldbe made accordingto the p~ose” of use,that 1s, for. “ .
shartqyxelouoperatlcmat hi~est possible_ with greater .~
Fl~Fe values,for _ pa- tith @mater ddmandm efflotenoy,
with snmller F1~P’2valtiss

Aotuallly,howw, thereis a I.lmltqtlaof the F F2 in
4

the permissiblefresh-airveloolliyVe E@ ~ UiE_~ wwww

-.
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charg6 2;5 x 10%2v2/1...In (kcal/m%) (1 d~d% the a. of

the combusticmchamberIn meters)”. “ -. , . .

For the firs.tdekitiof W? experimentalttiesa.~.~srm

duct dhargeof 27,000,000@allm3h referredto standard~j.ty
was regardedm e@mlss~ble,tich, for stolchhwta?iccombustion
@ves a still.pemtsslble V2 ~ 34.9 m/see.

.. .

At other”ati demsitlesthe admissibledischarge’ductcharges
are proportional,so that,~2 remmlnsth? _ c

....,
Fran figwe 10 It is seenthat,In%hese ccmdltiansand ~en

Maciinwdmr.O.9 at sea lpvelIs to be reached, F1/1’2shouldnot

exceedO.165;whilethe ccmrespaudihgv&e at M-kilcmet= fllght
altitudeamountsto F1/F2 E O,1~. These datafollowfromthe .

relatia. . ,.

Far the fwther theoreticaland experimentaltivestl@tionsan
T11F2 = 0.16 WS CilOS~O .

Wi&%hthesettieeassumptionsm fuel,atmosphereetructure,
and smface ratio P’1JF2,the exactcalculatiausof the jettube

can be carriedout withflow lossesdlsre~rdd.

FiguresIl.to 16 ccmtainthe most @xmtqnt numericaldata
with whichthe constructorof the Jet tube and the e~erimental
engineermust wk.

. . FiguresId.end 12 regresentthe gas flow velocities v1, V2,
V3) ~ v4, ,the gas temperaturesTl, T2, T9, and T4, at
O=kElanetsrfllghtaltitudefcm.d-l f~ln~ 8pee& v/a ati far the
fuelratios m = 1.0,0.9, 008, 0.7, 0.1 the pressureIncreases

referredto dynamicpressure q E w%? “
.. . .

~ (%! - pl~. 43 (23 - Pl]—=—
~ ~’fa q

-.. . .
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“CcmpMmnees. of mdnuttcm depends xqj”onthe ctiletenem’””qpd
the rapldltyof the mlr@re fcwmationbetwearlfuel and freshaZr,
-Oh Is rea~ed ~ a wwy hr~ nuniberof welll.-atanizlngfuel
BW9YS withhi@ relatlve ~eed a@nst the freshair; man the ‘
intensityof the I@tion effectedby InJectionof bwallquahti’tleS
of zincdiethylin the t@tioq zme or by electricBW@ Plwj
aid upon the durationof tbe mmbuatlng fixturein the ccmibuaticm
chamber,~whlohis asewed by a eufflolentlylow dieoharw pas~.w
ohar~ as alreadyZndLcatedfor the ohoioeaP tho permissiblel!’Z/F2.

At high dlsohar~ tempematureathe oa@.etenessofthe.CdbUB-
tioq iB, of oourae,veryM@, as manifestedlaterby tha d160har&e
tqperatwe meaaumnenta;whileat low T3 valuesapeo~alcytry2-

tive-aaweB, auoha~ partialawibwtlan at hl~ iwmparatureand
Eubaequantadmttiureof air,.ahouM be resortedto, ~ the experi-
.mentalfltghtsat 1- to 3-HLameter altitudeit rangedabove
70 pawed. Altltudm above18 kilometme are ~obably que@lc&ble

.X to the fi~mslw mwletlon & mnbwtia .Inthq tkln airs

A apeoid form of lnoon@.eteoc@@&lpn. is pre.~w ~Y tie.
theimaldissoolationof thq dlsohar~ &igesat very hi@ ocmibuaticm
tempea%aturesc It Oani.as almeadystatbd,.beodnetraoeablein the
cases m E l.O and 1.9, especiallyby the demnqmeltlon& ~.
in” CO..and ~ -and in ~a&able c~ti@j ae~ fcw e’bqple,

at m n 1~0.and ~-kilmet~ altitk ~egulte~ a t~~@re ~
= by ~- LN!3w 1200 an6 a deorqme M- tip‘by ~ &--O.@___‘-”-

. .... ,, .... .. ..-
.. .. . .. .. ,..”.~.. .. -.,.. . . .. . . ... . ... . . .
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of course, it la tabe e~ected thst.thisdisaoo~atlanaotually
o&ur13for oomet3pmdin@y M.* ccaibustlcutbergiea and inmsuff!l-
cientlyhi@ altitude,Hinoethe a~bi~ of the oontmstifm Goses “

f’m ~+ to W-1 semyl i+ the mibustlaq ohanilwr1s su$flchn.t rm
it and a.J!ooomry of diasooietlm 10s80s ih the nozzle 1A unll15eQ

OWIX to -s- high d$mharm teqeraturesand law mean molecular
shook.faotors;but fm @e ranGo of,applicaticmin queaticmthe
path_ M veryhi#L &imhar@ temper@uresand at the sauk!
the very low air pressuresis traversedti suoh shortperioddthat
the losses@ay only a secondarypartand far the time beingdo not
wamant the.@Mantially @eater task.of a:calculationwith .
al&nmnoe”fca th”edlssociatiion.

The heat losses~ye to diqohar~.@aeradiation”can be approxi-
matedby assumingthe ~adiatim at shout20 pmcent of that of a
blaokh~ of equalteqmrature T3 and s~lectlnga spheriod

swfaoe”of the samediamter as the marlmvmorosssectionas
radiat~ sqrface.
. .

The relativeheat lossesIn&ease fwther ~th P21F1, 8inoe

:the”absoluteradlaticmat mx@an~ rate of heat flov increases
with “F’~/F~. ..

~.. this method thepure YXIdiatlOZLlos8esfi~gureat about
M ●5.percentfor T3 = 2400% at 12-kLlcxaeiter altitudefor 0.3 times
wmlo velodty and ‘F2/Fl~ 6.25.

F& the Jet tubewith F21~1 E

Msouassd htie”tho radlatitilosses
2.5 peroent”of the totalheat input

6.25 emp&ed in the fightw .

are eqeoted to avdrage . “.
at lwdkmwtklr 8M’ituaafor

O.9 times acmic velooityo”They appearfor a very shortperiodx,
sinoethe tube aftercaqpletpd.asoentcctutinuesits:fll~t tith
@watly throttledcabusticm and teaqmratwjw$of arotutdT3A @O%,..

ti~. onlyabout0.~06-percentradiationlossesde to be e~ected,

.‘~es~”** do @ I+Lo1*.tie losses~ hnni~ raddation&
the ohdnioalmacticm, the funhmental data of”diicWare still .
~cMQg. :. . “ .... “ ““”. .. ... . .

ThO heat lossesby caweotiqn for ootam ccanbustianin the
stoiohicnwkrioratiowillamomt to aboutome-th~ of tie tenpera-
twe radiationlosses, This fractia Inoreaseswith deoreas~ T3.



‘By Urusei
aotuaUy reaobed

efflclenoy1s mes?rttb.e rstlo of Oxoesspmmlure
at the dlffns~ md h. the adlaba%icexoesspiep- .

m .- same 06qput*’lomfree; the -losses due”to aehnulatton and separa-
tta & the we partlcleaflowingalmilypast”the‘wallappearIn

. .
“~ectlcm .ofharassing pressure’:It la defti aq‘ ~, ~~

denotesthe ~smme aotue~ reoordedh R2 relativeto the

preas=e ~ “mmputqd by means of‘theedla-betlcMm of,flow- Ym

the circular-conioalenlarfysmntc# t@ Jet-tubedl?fuscxr* Iti
aereoally smoothInaitiwallsthe “Mffusm leasesare ohtefw
dependEd upcmthe $noludeden@ of tie diffuserand the flying
speed Y cqlthq assw@ion: that’the aeo$lm of E4 ia aerodynemlti~

“designed,so that theflow fills.the auttretube exaotlyccmect ●

.ThereilationihipbetweenM&user I.oaseaantiinol.udeda@Le 1s
..ba~k m immstl~tions whiohwere confirmedby pers(maltm~
testsand accor~- to ~ioh the dlffusm efficiency.firstdeoreasea
81ow4 theq @oreaain@y nwq @.th lncmas$n: includedan@e ●

To avoidthe dratick of an excessive&l.ffu.#arlength,a
.10° inoltimdanglewas chosenfor the.theoretiooland the e.xperl-
mentald.ytestedJet tube,at valuethatalso represautsthe Malt
at whiohthe steepdrop in diffuserefficiencystarts.

With this tncludeilangleand fly~ speedsof around v/a s 0,3
personalfli@httestsin G6ttingenyielded,at evenloww speeds,
the knowumodelteatsby Peters(ti~,Arohtv~2, P ● ~, 1931)~

.~ffuser officlenciesat $Xlpercent.

Y’orthe.diffuserefficlenctesat hla Hpeednem the Ikch.
mmiber1 the wind-tumneltestsof t@ Italian,Aymarito(Rlcerohe

o. 1, p. 16, 1935)are”available,Tfioworkedwith a diffusem
~# ‘til*a qq..e* * lto definedthe e~iqlenoy at .

~~~ ? P2x/P2 @ qties a. 99c5-pewcantdeorease,In effiol~

betwem 228 and 335met~p per secondwhiohthen conttnuesto dzw ‘
steep- on rea~- the boundaryap sadc velooitya

At 0.9 timesaonlovelcxxttyabout q.,- E 0.975.mxil.d
aocc&@y be obtainableor

.. tion empl&d here,@en @e
P* thciexploredMffusm d

. worse.

-JALJ.a

~& E 0.994 acccmdlngtO w ~M-
Inoludedangleof the diffuserIS 6°.
lo” the efflalencywillbe ali~tly

#
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my? dffeot
Coeffloientana

of.ihts.pmssure loss In W.leal ffussa?on the”thzwrt “
on @q dlmsIlslbD.s“0# “lr4 in the InOcmpresa,ibl.e b-s

In the oqssible r- of flow la &e ob#eotof a qpeols.1
Investigatlonc

,,

The”subjectIS ccmclukl.wl~ a brief”dSSWSSl~ of tie loss ‘“
due to fiicticm of flowlng-6 at the w&llsof the oyllndrloal
cahbustiw ohariberuhiohbecomesevidentin a pressureloss

-+?”
?3

“i=~lm
- b3 ““*we ~ and Y 81&fy the mean demity and

. . . . d2’”
M&, Xlqr velooity1betwedn Fa and F3 o Fdr me” Jti tube “~~ .
4mter” chaniberlength,4/91 metem? mml.nnm.oross sectlcmand

O.9 ttis =mA velocityIn fM@t at sea level, p3 - p3x amonts
to ,abo& 25 lsllo~anspar niete#cm O.002~at ati on tbe assumpticm
of a reslatancefacta X = 0.02. “This frictionlose 18 @ Interest
for the reasonthat,aooordingto the definitionof the thrustas
the Weotorialsum of all Internaltms eioesa~essuxes, tie res~t.
is a gainof prapulsiq whioh,it~istrue,is -e thin
by the WmManeously, occurr~ hi@ frlctlona~fcmces..... “~,

. . ..
3. TeohnloalOharactamlsticsof“theHi@-Tengwrature

“consumed

..
Jet Tube.“~

The outstanMng teohnlcal~aoterttilcs aF the $et tube
desoribedare:

..

1. The staticthrustis zeroand praqticau~ Inoreaseellka
the ah ~qrceswlt.hthe squareof the fli@t speedand withthe
root of the dimharge teuqperatureand at 300metersper secondat
Sa -levelreacheslnorethan 3000IslJ.agramaper squn-emeter of
maximumoross-seotfcmalarea,comespmding %0 a cv E O.~,

possiblewith sto.i&iaaetrtcI@&arbcm acaibusticm,

2, The statice&iml.&cy is”also“zeroand“Increaseswltib”the
squareW the fllghtspeedto reaoh6 pa-centat 300meterspm
secondIn vlcMty of the g&mnd”wlt,hstoiohiamtrlchydrocarbon“
combustionend mme than 10 percentat lowerdlsdar~e tempratmes -

3. The .thrus~~horsepowor$nMe&es ,acccuWnglywiththe third
“powerof the flightspeedam at 300meterspem secondin fgO~a
V!Lc.hityreaohesabout12,0Q0horsepower.~r s@re meted of “mxlmum
oross-seotlonalarea; “-

. .

h. The fuel causunrptionper seoondpew t~ tkrustdrqpsapprosl-
matelyprcpn-tionalJyto the recl~ocal valueof the Inorebasing
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i’li@t’apaedto WLUS8 at aroumd1.2 kilogramsP* secondat
300 meterdper aecomdin groundpro@uLty for stolti~c .
h#&bbai%bd dctdbtitltiand%0-0;7 ldlo@am per seoondat 1-
diEmhar@’teunperawres. . ...

5. R’ormnstant fti speedat bi@er”fli@t
levelsthe absolutetMwst &d the thrusthorsepower&&ease “
sM.@MLy lessthan the air density;propulsiveooeffiolentand
efflcienoy,on the otherhand, Inoreaseowingto the deareaaing
fresh-airteaupemture,so that at s~atoepbeuwtxuqpdratureevemat
265 Inet~sper second fM@t speed,propulalcmvaluesup to 0.68
are to be expected;-Is the efficiezwyfor Stoiohl_io M“
carboncabustlon iEIaround5 peroentand at iowerMs-ge
t@qperatzires18 mcme than ~ peroent. AooMkLn@y, the fuel o&-
auwM~ “ZWWW around1* to 0.6 kilogramspa eeomd.

6. Thrustand thrusthorsepowr of tbe ~elsin.ibeare,fcm
given.flightaltitudeand fli@t speedfia maxixwnto zero,
controllableby adjustmentof the diaohargenozzleend sectionand
the fuel hjeotion, with the effioieamyinoreasin~at firstwith
Inoreasedthrott~.

7. Fcm the desi~ of hl@-power uuitsit Is @ortant that
the qplar~xrt .ofthe absolutedimmaatcmsaP the deviceare neither
limlte~by rotatingparts,euohas CQ continuousoaqpresmr units,
nor by”nonstaticmaryflowand ccmbueticmprooessea,moh as cm
periodioozeseorl.ess Jet-powerunits,so that unitswiththrust
horsepowersof the orderof ma@tude of five-placehorsepower
figuresseemfeasible,

8. Used as a~m pm tit the wei@ per horsepower of
the Jet Wbe refemmd to mximwn output is e=eoted at around
0.02 ldl.ogmmper horsepoweracoordhg to past desi~ e=erienoe.

90 h ocn’Tespor@encewith‘thelow struotwal wei~t end the
abssnoeof alJ._ partsthe outlayfcm manufactureand natite-
nance.18-lowand the life e=eotanoy great.

I.(). Sixioe the qperating pmoess of the Jet ttie oonsists
merelyCM e steadyoonibustimprweas, the poww plane ia very
insusceptibleto the type of fuel en@oyed, sothat insteadof
&@ine map heavim hydrooarbmsas well as specialfuels,E!uoh
as a.looholsfcw obta- invislb~ flame for ni@t fighteruse .-
or metaldisp’wskms & metalalkylafor furtherllloreasingthe,
flanmt@qpemtme and henoeof the ~ulsion efflohnoy, ocaw into
question.
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11cFor lmaotioalfl.t& cmeratlonthe lUW Enlsoeutibillty
a@nst. cldJmk. @t@G, 8uGh as fimat, sand, ‘ati-so forth, la
Iqortant, and so also the ready availabi~~ without~ up
and the jmulnerabilltyof the antlreunit,

12.For ndlltarypw+oeeEithe littlenoiseof the Jet tubeat
full operation18 13iqdfioanto

B,

The theorettoalrestdtw

15mmEqT$

ti the high-temparat=eJet tibe-were
so favorabletit a ~ulckexper-tal-~oof- eeamedd@lrable,,.
, In view d the Increasingdmqyr to the countryby enenw

bcmberattacksthe tests-e plannedfor imediate applloatlanto
alroraft● Thm the time-mnsmlng oomstruotlonof stationarytest
standsws ruledout ~ the towing-testmethbduhosan.

The lesseraccmaoy of the towhg testsIs overbalancedby
the advantagesto the ertartthat in the ~ test the aotual
stateof the mesh air, especiallyre~ turbul&uce,density,
hmnidlty,and so forth,was utll.lzedand thatthe teciperature
condlticmsof the caibustlonohqmber%RIJ.aoocum~ In aotual
fll@t and the relativesizes& the totalunitare aotually
iwallzedIn the test.

1. StreetTo- Tests on AutanobXle

UP ~ v.= 25 m/~ec

“Firstit was neoessaryto oheckwhetherh the ccqpxmtlve-
l&@ omibustlonohamheraof the M@-temperature #ettubesthe
necessarilyhl~ disohargetaqmatmes and.at the sametime the

necessarydltmhar~ duct loads & more
were adnuillyobtainable.

Slnoe,for structuralreat3msthe
oheaiberwas not to exoeed4 met-s and

than20,000,000kcallm%

len@b of the mmhuaticm
alnoewithhydrocarbcm

canbustionabout@O koalare ccmvertibleper”meters3air of nomml
condltlcxm,f%esh-airvelooitlesof the ordOrof speeaof fast
truoksappearsuitablein flrata~xlamtim.

. —
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Several such’ iimd.sutests are iXhas+rated m the MemPMJ
(fl~, .18 and 19),’ CadKne WS”injeotetl d dOm#.zed W .Wp.vWy’ “.
tional - no861e6 near the fa’’lmra pipe ed@ -- m~--
ati mixture~@.tml by oontimoue ~eotiap c1 mmll q~tlt18.g$of
zlno~ethyl. .. .-

. . ..” ....
.

After a gr”eaternmiber of test runs tlm cmihstlma W the pipe
wMJsuooesafully lmu@tF&o asllamt atateand to fusea “o”” .-
0.O&@lllmoter gB~ free- stietohedl?t-~G of 30-Pmc~,
~Z-=~ “21&+ fuslcmpoln.t2d?Ometersin e pipe c&

MameteT aft.,of tie fuel lzqlectlcmmcculaiaeriIIQ.the “
stillsubstantialheat radlatlonof the fusionwire~It may be..
asawaedthattbe theoreticalcwibuatiunta@=ature of the @mMne-
alr mixtureof around2400% was fairlyreaohedo

Otherteeta In ublohthe ~sollne WSEIpreheatetlby the oa-”
busticmflamegasesati vapm?lzedor repLeoe&by otherfuels,such “
as =8 oil,alumtnum-~s011 dlepasiona m alumlnumdustresulted-
In Ignitionand lnetdU.ationdifficultiesend.were for the tlnm
beingahndoned.

But a stilllargernumber& towingrms with caqil.ete#st
tWet3weremade,as lrMoeted in photo~aph (fl~.20). b these”
rum the pressurein the disoher~ paesa~ was oarefullymeamrejl
end the Inoludedan@e of the diffusdrsyslxmatiaaldyvaried.,In.
orderto find.out tietheran@es greaterthan 10° couldbe used.
Stnceat.theselow ~ speedsand the premrlbed arifioe
ratio R’1/3’2the fresh-airvelooity V2 can be approximately
ne@soted, the dlffuacu?effloienoy can be r~esented by the.ratio
of reawxtedpmessurwrise-Inthe diffuserto the WC pressure9

The obtalnmtdecaweseIQ di-ffuseic&Pioienoy@x/q with inoreaslng

Inohilillg
iwfuaere

an@e ia rapresmted la tlgure 17 and “tis not let aharter
appearsultabla.

2.

The $3t
100aiffuaelo?

JU@t’ TowlagTeststith@+OO-HasqpowemTube “ .

“cmthe Do17qptov=” IO0 @sac’ ‘“”” ‘.”

tube hml an inlet seot50n “war of 200 inters, e
lrWluaed eW@e, eIlaagdbuatlOEl Ohemb&rleu@h* . .



.

20” lWCA!lMNO● 1106

..
. 2g60-millimeters wi& a“Uiameter. of ~ ‘mi@Mteqs, hmce ‘a mted
output of aboti 2k00 horsepower at v E 300 maitem per seccudt

The fuel was Ixleoted.thYouf4h kwera3. Emmy YMAJ.SS at tk ‘
diffuserend and at tie tubeperi~~,
by Mno-dlethyliqleotlan~.

- the”70-a.iz@Lanettig teatsof
the dimhar~ nozzleend seotions F4,

of we sprayeof the In$eotiannoz21e8,
were va~eila

,.

+3 l&ition was ed?feotd. ..

. .

thla phaseof the tests”
the nwiberand dlrektlon ‘

&@ we in~ectl”bnpreaaurei
..

The mthod of suspendcm of tie Jet ttlbe cm “the”$owplaneW
seen frm the photographs (fi~., 21 to 24), ..

It p&lnitsthe recordingof tiagaml th&& & recordimzspring
dynameterwithinthe airplanetiela~”.”

The exoesapresswes~relativeto“thereferenceprpasure‘ofthe
outsideair at the startand the end’& the ~lindrioal c“&buatlal
*& were also-r~c@ed. .“

. .
The Indlmhlm”ltest ~lly lastedmare tlMn 300 seo~; .

the fuel ws s~lied by pressure@nlm. . “

The %estawerb eyaluated.as f&Lowa: . “ ..

= OA -es the co(#f~d&Lt6.r8f~d to *C ~ess~;
andmaximum@?&s secticm of the difference in fcmhe retarded by
dynamometerti,thaud withoutcdnzstlon in the tube ~k, the

reeistanoeof the odd tube, Cww) the .resistanoe& the hot ttie,. .
am ~, the prqpulqion,the desired CT la e~ualto .

.
..-. ., ,.. .

. . .
% =CA+CW “-cwk ““ (7)

. .
with cA and C* directlymeasurablein fll@t teat,~lle ~%
can ccLybe eetimateil.cThus the @mmmeter msaawamen~ of the
fli@t test givefor the presemtauly”:‘Cv- cW , the free

(rem* is missingfrcanthe cmlgind)s

The estinmtim d mdw. my proceedfixznthe assuuptianthat
the residualdra~”of the tube A ‘qperatimis predomlnatelyfrio-
tion,and then affords,with al.lowsncefor the increasedroughpees
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of**.oombuptlcm-chainbem w61L and the friotim pcwtionof the
&@mhar@ @see wlt~. the tube,a walueof CW @ OJ?. .,. . .

.

onoe,more frcmthe premme meaaurementaP2 - P~ and frail “the

EIsmiqptlm that tith mrreoh jet opbrehicm PI end 14 ue eq~l
to the referenoe~esmqw p of the outsideair: . .

.

“,
l-F1 1-F4 . ,. .

(8)

This relation18 used appozlnwtelykl180when ~ @groper@ .
dimensiauediiibe~the pmessureof flow in F1 dlfferafrcauthe

uudlstwlmd outsidepressure,sinoe”the erroraw to the steep
pressurerise is ne[jliglbl.eIn a certainrange● .

VariousreeultsaP thesefll@t testsare representedin “
tableI●

Althou@ the resultsof the measurementsare nti ycry acovrate
and henoemattered by reasonof the hrprovisedoharaoterof the
tow@ tests,the fuudsmental comfktion of the theoretdoalresults
16 neverthelessa~aread and particularlythe mL@ficanoe aP
suitablemixtme preparationfor the actioncd’the Jet-tube●

3 ● ru~t TOWILWTe&s” with 20,000-Hcmsepoweu?Tube

The *oge(i $9t tube had a 600-n@Mmet&-entratie aedtlon
dianmtmr,a M “d~er opx s@o, and a tiO-mlQimet@ CQU-
bustionoluuiberlaugthby 1500-millimeter-@n@er,.heqcea
natMal outputal?around20,000horsepowerat v w.300 metersP-
Sbyxldo

l.. .-.. . .L ..

The fuel was In$ectedthrou@ 60 to M spraynozzlesat the
&Lffuserend at k to 11 atms..The ~~eotion nozzleswere seatdla
the ring and ~oss visibleh fl~e 26 and faoedjn fll@t dlreo-
tion,henoe~eoted a~lnst the Incomingfreshati.
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TIM Suspehiian &’siMiunOi the“ttoi.lB.Seen frailthe photograpkm
(fi~. 25 ana 26). A dmEUWIM BtrtiOIWWWLIWI!QUOU@tie ~f -
fusera% abouttwo4Mrd.a dlffus~ depthservedfar attaolment,
Figures27 to 29 showthe experlmautaloarrterwtth ~et tube In
fIl*t .

The testshOa the purpose&recor@ thrustand fuel con-
sumptiaaat speeds ~ frcat“100”to 200 interspsi secondand
of observingthe fuel cons-l-a #q theseccmlltions. .

fnto

awe

F28

The fuel wW3 forueiifrcm a pressuretank of 700-llterOapaclw
the ccmbustiaachamberby means of nitrogen;

Dur@ the teststhe exoesspressureswar the referencepres-
of the outsidealr were InMoated In the orosssectlme Fl,

end.F3 by mmncmeterIn the cabinof tie test -1= a~ .

reoorded by a.robot c-a,

Shoe the test carrierwithmomted tubeand.its own mdive.
power&eaohesonlya horizontalSwea of around90 metem per second
and afterstartlru3the ccmibustiaup to about120metersper semmd.,
the hi@mr flyti spee~ were obtainedby ali.@tJ.ypushingthe
lmohineout of hi@~ fly~ level. .

. .

Thusin accelerated@idhg f~ght @e speedr~e between
100 and 200 metersper second.

By rmsm al?the cmstant &solixM feeitthe exoessof fuel
decreaseswith lrmreasingflyin~~deed,so that eachfllghtgives
a seriesof measurementsat Mfferent v end m.

Table~ mntalns”the data of someof
fll@ta; the most importantquantitiesare
- q~titidg tirivedthw- by ~S.
of the theoreticaloaloulmtim.sa@ of the
2hO0-hasepm~ tube. ..

the

the most Informativeteat
re~esented by circles
They cor@iim.tie resultb .
test fJ.i@tawith the

~ to the hl@est recordedspeedsof lx metersper second
canbustionwas substatiia~ quieterthenwith the smll tubes
remind f3afel.yin the.obaniberf% all fuel addltlaus.

. . .. .
..

The aiffusei?efficieaes far Kallbustlonwith Stohhiometrio
(me 1) or exoessive (m > 1) fueladditionsare in part veryhl@
b spiteof +he ordinarilytoo low ti~ectionpressures,and manifest
8.grow@ tendenoywiththe InJecthn pressures●
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mm, Ocmlpamd
Olealm -of, fuel - (m

. 23

to table I, are themeamxmanta with inauffl-
<“1) .and-Unohanned oross-seowml dlanensmm

WMoh-at the fly&g sp&de am@oyed-give,on the ~ole, favorable
Ov-valuessThe alr inflowvolunwPEW seoondws throu@out assumed
at ~vl~lc

. . ..
.0

. .

At the hl@eet f-& qpeeds.-m“= to be kept “nl<1, atice
thenose-heavy~~tq the tubemtco uldhtbe end not
be balanoedany longer~ W h~lmntal tall surfaces and tie
emerlmantal ~$er beoama matable, aoooa?~ to We .pllot’s
repoa’t.Otherwise,no speolal~encmwna we observed.

The outsideteqmratnmemc# the ocunbustlon-ohamber~acke~
eat-tied by nwans @ heat-sueoeptiblepaintran@ helm @O%
at tihelow speeds,lowerstLLZat iMa ht@~ speeds,and In the
latter00s0well withstoodby ncmmaloarbcmsteels.

The slt@tly Jlnocm@eteo@bustlon evldepoedby the lumlnoue
edmmt flameand ccaqputedfia the ratioof the thearatloalto
~ re~~dm (~ - p3) .wlllhave to be i@pmved by”~er refined

mlxtm’est~m, *eme the preheat~ and.vaparlzation.ofthe
fuel by Ite.own cdbustiop-ohdmbehheat,after@&tting the required
totallength@ vapomlzeminibeti a lar@.rnmub~ of ~~t srapaizer
tubesazman@. in paralled,actg veryfavor8’b~-; ...

. k. Fli& TestswithSpeolalAl@lane S-we””” ‘.,.
. . ., ..

. .
up to v - 300.“ti/aeo.... / ..

The need of thisfourt@e~erimentalp@aae,ti. yet oarried
thrO@, resultsfrch the fad thatthe present.a3rpIaa~structures
In subsequentocmiblnatkmwith lar~ jet tubesoan not.be accelerated
to the required termhal velocityof 300mghersper EMond for -
Btr@ ~s~j ‘time the testingof Jet tubes @ tlw s~d
range of &cm 200 to 300 maters per EIecmd, that 18, @thin -
of its mibsequantapplloatloxi,Is Inevitable. .. .......

mts test- oan be aooa@llshedwith the $eljtit mountedla ~
a mgm -t- suoh as illustratedin fl~~ 30. .

This eqerlmental maohlne wan then be towed%y to@lane to a
few thousandme~s hel@t nhwe it reoelvesthe required fl@ag
EWdbydivlrW lnordertop@ the Jetunitti_tion with .
Sufflobnt. thrust”.

..
. .

...-. l. ”,.,.-. .
. ..,,

. .. ... ...:. . “~...’ .“ . ,+ ..—
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,. Thla.pro~ed is mder w3y. .. .
..“. .... ..”.

. . . .
. . . . .

“ W&aHIF
.. . ..tM’PLm&m. . ..,.. . .*.. . .. ..- ....

i. Rbdaumtal l?oealbll.ttlee”of Appltoat& ..
. . . . . . .

. -.. ,

The:rangeof applloatisn& lxL@A=ture” J.@ ttieh3s “ .“”
lhr~~ definedby the @m fagtsthat-ita optlmwnQperatlm 1s
developeda littlebelowthe veloottyof sound.,that 1s, at speeds
dinedit, at ~esent, particularly @ airplanea, @id@ bomb8,
alr tcrrpedos,.ermm piercing bdmb~, and.so fbrth;and th4t the
thrust-oroas seotion loading of the Jet tnibesdoesonot.exoecd
3000’ldlogranle per ntete#.

Abther restrlotivefaotcmis thatthe e~erimmta reparted”
herereferto ccmibuatlanohamberaof consldarableoross-secticmal
dlmenaim, as Zs necessaryfa the applloationas airplanepro-
Pulalcmtit and that the mmolushns are nut directlyapplicable
%0 mall.orossEIecthls,such88 aP the oallbcwof az%~-&y ahella.

The aooeleratim of a bonibdropp~ vertlca~v can as lcmg
tas the air resistanceis amald.,be raiBed by the ratio 1.y3.ngnear

mity) of the oross-secthn loed@y of thZWlt md Wi@t, -t .

18, by”aboutme gravltatlonazaoceler4tlon.So the speedsof
Ingactficm equalhol@te of drop Inoreaaeby 25 percentat the
Elost● An acoekatlon of veu-tfoallyascendingmlasiles,ispossible :
onlywhenthe mm of the oross-seotionloadscd?wei@t and alr

realdanoe oan be kept below”abo’qt3000M.logramspa mete# ● The
~i~ ~ h~~~~~ f- auLssiles,suohas @Ming bcmibs,
resdilee the a&@ane ~crp~ion @t treatedsubsequently,and
Is nll possibletith Jetlaibea.

Da the aero-meohanloal tivestl@icm fbllmtag In this connec-
ticindiffueerefficiemoypnd coxfibustlcm-ohamikmef’ficienoy were
assunedat uqlty,slnoethe values aotwilly d~ from unity
are of aeoohdary”@foot op the time of.qscemt,whereasdmaticm of . ‘
fll@t and len@h & fll@t,deoreaseIn ~artlon to the produot .
of the two efficiauales,for example,drop to about60 percegtaP

H 0.(?6,nc@@lm Ohauibemthecitedvaluesat ll~m E 0.70.
.
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.The most pmutlsti.r+..d. tititl=. *, *.? “1$.@&_t.??@
“j% tubes is theti use es short-p@ti mcmalglcm -* d“ *-
plgmes,..A loglpd example i8 * a~~~:
The Jet Wbe M 2500-milllm3ter ~
formofwhioh isalready shoizn~fime l;$tithefueqla@e Of ‘f
t@3 Jetfl@ter, with a odlh fod the mew @ the fuel trek, wltb

tall boai fen?h=lscmtal and vertioal0~-d atiaoee .eetQa tOP,
Wle the landlnggear“andeventuallyalso tie u@3 StrwtWe -
attaqhejl at the lowur side CW W ‘fuselagem3X landing.eMdS aX’e
prefem@, the ~, struotureoan be -ted In mld~ srrenge-
mamt and O~titiwa throu# the ilreeMffuser spaqee The d.cnible?
till ll@t metal shell”aesi@ of We @lf@lae@fcamlsthe ocmstruo-
tive baokbcmeof theJfi@ter, ~le ocunbustianohamberend dZmhar~
nozsleof the ~et tnibedesi~ as tbln sheet-steelshellsbeopuee
of theirM* t~eratures ke~ Mstaqoe fran the oth~.s~t~l
parts. The necessary~ustablltty of the dlsohargenozzleerd ~
ora!mseoticmoan,for emmgple,be eeouredIn sucha -g that@ “. .
olroularseotion Y3 t- ~4 ~aa~~ nwm~s In a reotmgular

or square seoticm, iheme the uprl@t, flat end surfaoeaare &8t@3ed
ag flaps~ioh oaq be a~ustea by the tailplana”by means @ a@dlee,

withan est51ndmaeJtruotura3lmi@ltof 3400kllogmnlema a
@was w19i@ltd “6000kLlo@ms, with2400-kllo@m fuel qpply,
the wholeair@ne has no movingparts,but representsa P
shelldeal~, when dlaoomtlna the few atillarles far bnllng-
gear qperatlcm,oablnati eystcm, fuel In.$eotion,nozzleand flap
Setting,@ so fcrth● The fuel is to be Supplleaby a oemlmlfu@l -
P- .tii~,like the * auxLllartes,is aotuatedby an -QUem
moumteaIn half Uffuser aeptho

Pm take-df two yolmte of oonventlmkal type at M@ aidqq

of tie f%eelam with I&m th%ast eaohfor 30 eepdls SpU d
700-k130~ total wel#t are ammed, Acing the take-off w91@t
aMm@her &OO ktloqams. The Wum$f rookdm oould also be
plaoedwithinthe tUbe to mlntmt~etie eooeartrloltyof its _
eml Snoreaseitslm@M.e at l.cjvflylng~eeds:

The starting (talm-off)prooesses are re~akmted in $1~ 31.

!!herolllngI’rtotlcm at inoiplenttake-offfoU& frcm &e
6700 kllo~ents tlalw~ wel~t d ~ a~ge - ‘*oti* ‘‘
faotor IL= O.W a% 470 Idle_. The a- mietanoe M deduoed “ .
flw the ddamted..wlar (fZg,31) of I@ Jet flghtew.In qperatipqr..
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m ,Ix+wf’fmom- -iii follm?eq bqyma the Mft-off * & “:
_ w to a _ speedof 200 titers~em sscondat sea 1*.
For the tha @t:~ =st~ @ose.wei@t of about5&l ldlogwims
thellftOoefflclent is , Oa .= mbo/(2500 x 4C9L) - o~473, %qoh
aoocydiw te -thepolarts.as~~tid with a dras ood’ficient “ .
of 0.12 and ati Y?ealstanoe-ofW 90.12 X 2500 X 4091 -.I.475 .
kllcMgranm@. ,. . . . .

Betweenth9Be- dra~tilueuma ap@rox3mateVllne$ri%slatanoo
o- IS asmamed~ .. . . . .. ...

. .

The Wrest 0# the take-offm30kat010“qhbsk mm.stanta%
3 tm far 30 eecmnd.s:tliethrust0? @e ~ettube tithti~ m=
nozslesetting10 derivedfrom ~ = 0.55.

lhcunthe thus Aimun pmipulslcauand reslstame fories and the
mirlable-s uelmt the Promesslve acceleration, t- end path
with reaped to wed c= be mwtied. * Plott*.

These three curves, the solid lines in f I&me 31, Ixidloqtje
that the take-oft mcelqmtkm rmches m@mmI ~lLI-es w to . ..:.

10 meters per second2 and thaiJthe full fl@q speedaF 720 ldlcmktera
per henryIS reaohed after about@ secondsand a dlstanoe C&around
3400 meters ●

“’With q llft-ti speedestlmdmd at 70 metersper iecondthe

~et?i@ter llf’~soff aft= about17+ seocawlsand 650-met= rolllng

dlstsnoe.

EL-e 31 further shows the sp”ecfflc fuel Oonswpti& and the
owvs”of the variablegrosswel@t computedfrom this consuuu?ticm
and the tske-affrocketconsumptionesthuatedat 15 Ifllogrsmspe2
semnd, whlohbeg@nsat 6700-kIIow~ take-offweightand andaat
about5ti0 ldloaems, so that the #et fl@ta’, afterreaohlng
its tuXl flylnGspeedand withnumericalvaluesof figure30, still
has a supplyof 2200 Mlogms of ~sollne m hand.

.
With this hypothetloal wsolhe supply two dmme oases are

brbfly treated: namely,a fllmt h vicinityof the ~oti up to
~, and an ascentintothe stratosphere.

If the fQ@t near sea lwel ie to be mde with low anglesof
attaokat 720 kilanetersper hsmryspeed,fuel ti~eotlonand
dlsohargenozzlecpn be throttleduptllthe thrustof the Jet tube
Is eqwl to the air resistenoeestimlmd to avera~ 1340ldlo~ams.

-—— ----- .. . .. -,—, .. ,,, -
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The PO@SIVU @E’flokLOY required Ov - I)/@QE 1340/(2500x4:91)%0●U

ill, “eomtxungto fi
2%%

e 3, akready obtainable-at--ti-dia_& taqpefra-
taea of leasthan , hmce, aooordlnqto flgizre,obtainableWith
a fuel omqxlpn C& aboutO.n Idlo@am p@ seoond● Thus tith
the ewa.i~ble.fuel etwp4 of 2200 lsUo@ame the f@ter oans K
ma ltiel,fly.aea ccmibatpiano fcm 2200/le = W Oeaonde at “

zW =Iawtqspm henry, or a distimoe of 33 Jdlcnndam. The
len@h of *O “die+a deoremes with .hi@er ,f~? speed, bemuse
In the emp+oyed lower polar mqe. the atr resistance on amxmohz
scmio velooity inorbasee by a littlemore than the squareof the
speedof fli@t and the raqulreddlsohargetemkwmt~s rl~e●. ~1~
the ~etlsu~ethrottleil*O 4 tcm thrustthe flylng”e@eednear sea
levelreachesaroundllOdkll.qmeterspm henry,that 1s, fm
730 seomls, and,for a d.18tano.eof 222Mlometers. ~ other~,
the fi~ter oan operateovera range of more than 100kilometersat
speedsbetveen~.O and 1100Mlanetarsper henrytith a loadof
1000ldlogwuuain bcailmor otherarmment. The potentialappMM-
ttan Is of certaintacttcalsi@.floancea~lnst landand sea
tarmts as ccnibat@ane. for examle, owim to the penetrating
foiieof dr~peii J&3&J oanmct-d klth %e high f-iylng
on accomt of the elementof s~ise result- from the
loudalrpbne noisess

..

8peeii,and
absenoe@

3. Fi@ter m?Bombemat Hi@ AMLtude

The second. extreme aaae ~ applicaticmtivolvesa take-d? with
Inunedlatelyfollowlngcldrhbto the oeilin~of thq fight=. ll%rthe
cliuibit 2s asamed that the fl@ter first climbswith ccmdant
dmamic presstme w to a flyb~ speed of 0.9 times aonio velooity
with mall an@ea of attack,and am* the fm%ttar ascentat the
respeatlvahel@t af O.9 Wnea sonic velocityremslnaabuve
I.J.,000-meteraltitude,that is, at v = Q* meterI3per seccmd.

T@ ascenddng c&tions “ofthe Jetfl@her 211LustratAd’in “ “”:”
figure32 were obtainedby pro~sstie path calculstlau,the..respeo-
tivepath angle f ollowa frcm thj -sm M the farcesoq the airplane
In Lmlglttil @ectia of the path..- .:

Mathematloplly,the I&oretdcml oeiWJ 16 e3mmd 21,000meters,
but at”the low absolute‘airpreaaur~aetistinfjat that levelthe ~
oombustlonin the Jet tube.ehouM have m- difficultiea~so -t?.
for the fir@ j a ceilingtit-above20,~ tiers dmuld ti be
expec.tgd}6- with low whg loadM@ Thus,men the Jetfighter‘ .

● Inclusiveof.talag-offtlnm aF 40 secondsreaohesfu@t levelsaF.
@d maters~ 70 seconds,lf!,C@meters.h 300 semnde, W@
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18,000 inters h about 190 seaonds, it nnj be eaidto havs ~GY
of thishel@t range,utillzedby Cmnbat_ @ ~ Imz’tUlly
proteotedby convdial fight= “planes and f@k artUleryo The
themwtioa~ fuel cxmsuqpttafor the actual clMb to 12,000 metam,
that 1s, tithqu.t take-off, la 505 kilogmms ● Calmtim m
also mule tith smaller v/a and ~, and the aot~l t- of
asoentto 12,000inters,alq withthe respective.fuel c~-
tionscaqpiledIn fi~e 32(a); The a.dmlssibtlity d lowr M.oh
nurnbemto vja = 097 fcw the asocd is readily seem

Another Interesting point Is the lm2@ib of the -the $et fighter
mm rarualn at a required fll~t altltizilaand the horizontald.lstanoe
it oan coverwith the reqminlng fuel ~wc At ~,ooo ~t~s, f=
example,the remaWng gross wi@ is, accordingto figure32,
52g5 Mlograms, heme the fuel supply16g5 kllcgrsms,the averam
llft Ooefficllnltreqldraafm level flight is

= A“:I@’Q= (~~ + 2600)/?? X U17 X 4a91 = 0.72 “

reslsttmce by the via = 0.9
Ov = 0.17, henoethe thrust

ThiS thrustiS obtainableby

polarsof fire 31
requiredIs P = 932
the a~o~te equatlan

withthestqptlontampemattmeT3 = 5*% ~ - c~~b4 to
therelatlon B = Q x 103/PH - with a s~clfic ml mumnptlcm
B E 0.554 kilogram per second, The air resistance-f~O
requiresa gasolinecausuqptionof 0.516ldl.oam

r r;:= Yis, the remining supplylastsfor. 1695/o.51 = 32
f= Just1 hom and a dlstanoe& @O x 0.2655= @O kilomters.
The dmatlon and dlstanoeIn hmlzmtal fll@t.at differentMaoh
nuuibers and for Mfferent fll@t levelsas cmputed by thismethod
are r~esented In figure33. The path lem@h13of the mdmum
valuecgtia fm sea levelto 370 hllmeters Inoreasemonotcmic
with the altitude,and reacha m.xlmmnof over ILOOkilometersat
lb meters, A noteworthyfaot 1s thatthe grbatestpath len@M .
at Lomr levelsare reaahed with lowr f- speeds,but In the
hl# flylnglevelswith the ~eatest speeds,for In hi@ fl@ng
levelsthe favorableeffeatof the absolutealr resls~noes,low
at low flyingspeeds, IS “vitiated by the M@ propulsion ooeffl-
oients re.qyllredand cmeququtJy M* dlsohar~ temperatures and
fuel ocmswqptlcasc The ab601uteInoreaseIn the pati lengthti~

— —- ——
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the aititude d? fJ.s@t is
ratlot3 whloh are utll.lmd

29

due ohladly to the famrabla Mf&dmg
at M@er” fllglrtlevelag E@oyed for .

antlalroraft defense a nmxlmumandmwnoe” 3n horizontalf’M@t ~s,
underoedaln oirow3tanoea,more laqpcmtantthana mui.mm path
-* ‘io_’0 fi~e 33 * ~~” auo ~@@6esJ at

flret,withthe altlbm al?fll@t, reaohesa maximum& qv@
4@0 aeomda at 14,000-nwtarheZ@t, .@ then deoreaaesa little.
For, tf tlM drplane at a oaa%alnaltljj@eflieg.$lateo faatbhat
Its polarat a oertalnpetithe- that @ opt- lMt-drag ratio
3s utsKzNglfw am- range 1s reaobed..!L!hlSpotpt10 d@!mlnea
by the faot -t at it the fuel oonqum@toppa- kilanaterof grof3a
wel@t and m fli@t path,that 1s, the e~easi~ .0 “wlca[o#2i~l+ 1,
beocammamall~bs . ..”

... .
Hattilly, the airplanefiles_ with stillq I.lttl.e1-

speed. The f- apeedatit favaable fti”iMwlxLon* fll@t
are thereflmelower,as a rule. Fl@iw hdicetes the important
~otioal faot thatthe ma- “rangeand andxmme of fi@tera In
the 10,000to 12,000-meteraltltuderangeare obtaiaedwith v/a=0.7,
h-e with eerodynamioalJy~f g~w oautrollablef- speeds. This
shorttake-offand o- to any alttt~ ~ to 18,000materstogetier
withhorizontalfll@t pathauverXIOOkllcmeteraand duratlma qp
to more than 4~ eeoondaa% apeatiup to 1000~lometers.pm henry

!?
lmkasthe ~~ fi tar-an~ellant wbapona~~ bcaubazdmantplanes
@ the ~ to 1 ,~0-meta”hei@t -o
. . ,.

@t.??erpotentialuae is as oomhatplane in faat,low, level
fll~t”uverdistanoeaof up to 100 XXLOnmtera,and espe~la~ for
ccaibat-divebcmblngup”to distancesof nearly‘~ kll~ters. : “

..

Used as fl@ter-bmdmr the rapid clinh ho oelllng level Is not
necm”aary. !lhem?foref@ure 34 ahowaa fll@t path with ~ .“
12° angleof asogn-t16-H~t~ cei~ ~~ at ~~.,~~wt%:
totallen@h has aboutthe a- raw as u mrrespondtogMh wl@
wte~ asoant, An initialgrosewei@t of 6000kllogr~ “~ a . “
US- ~a of ~ ldl.om fm 2400-ktlowm fud I.Obhs6rv9as”baeis.~
EatMMlng the ~ctioal depth& panetmatim of the fl@ter in
_ ~~t~ at -35 permantof me flt~t length,it gives
a Batedepthc# penetratim of 430 lcLlometers,whlohin oqlunotion
with a w -ktlcawlxmper lumryflyingapoedat 3.6kilometersalti-
tule ~eazw tacticallyv- valgabla~ AsMe from the qotualfli@M
Pati;fi@re 34 @ves the most ~ortant data,“suohae absolute
and apegificfuel ocmaumptim,~, thrusthc@seS, dlaoharge
~emtme, fWinS a~ed, “d-tla of #Ll@t, and @?o@s-i@t,
also a dl@gwm ~ the ai@.ang W* ml~t” dlstrlbvMcm@ a “
polar of tie air foro~”refa to the tiamdymmto a~mt~
etndhbe of go meter+.



The faot -t the appl.ioation

ocmsiderabti leas. thrust than whexi

IWCA lM ~0. UD6

as a horizontal bmilxm neoessltates
used am a fl~ter W reason@

the absenoe- aF the steep ollmb tight suggest a ~edsl- Jet bcuilxm
with waaker Jet taibe. Fl~es 35and36thereforeshowfor the same
Mtlal .@oss wez#lt(d 6000 kllo@?ame,the~sameU13efulmad “id
1000 ldlo ems end‘thesameamxlymmlo suppm%~ smfaoe ti

F30 meters “d tw Jet-engineairplaneswith jet tubesof 2 meters
and 105-metm diameter,alcmgwith:the correspondingtheqwtioal
fll~t paths,the polar of fl~ 34 be~ wed. in both oaseson””
the assumptionthat the !leoreaseIn alr resistancedue to the
raduoedsurfa~eswoulda~o~tely oanoelthe necessarilymore
unfavorabledeal~ In the area of the cmbint The fli”@tlengths
deoreasemibetantisll$vlth the thloknegmof the Jet tubes,singe
the shortertubesmust, M orderto reaoh the requiredtractlcm
fmoem fly.with hl@er tempemtwres, &me, lower efflolemoy; the
miedlm tube gives a length of ml.y 1120 Id&meters, the smll tribe
of OnJy 7@ IcLlcmwtsm,Oq?respmdingto depthsof penetrationcd
only390klkmtere and 270 Idlcaneters,respeotlve~o “

The alz@ane “a-mangementreocmmmdml as a tl:jltervIW a Jet
Inibeof 25U0-miXl.imeterdiameter is therefwe the host for the
bcmibera.leo. . ,

It 18 &aracterletioof thistube h both spheresof appldoa-
titi that the mlnmlwmflylngspeed.frcm whiohthe alrphne is able
to accelerateto hlam spe~ agdn with the Jet tfie aloneamounts
to about430 kilcmtere per hemryfm full loadat.M Mluaeters
altitudeand deoreaseswltb deoreas~ loadand hei~t untilit .Ib
nearlyequplto.the Iandlngspeedulth the emptyaiz@ane In ~ound
vlolnlty,as Moated In fia~e 31.

“ The btpdy of a dla~em of the thrustand drag withrespeotto
the.%Uing speedIndloatesthatthe #et fl@t= exhlhits”a po-
pulsiveinstabilitydmllar to thatof the ocmvantlcmalpropelkr .
airplaneIn slowflightwhlcbmust be mmensated by oaref’ulgas .
lev-ii Operatiau 00? aiiililtmat~o..tit

.. . Commslm.,

—
regulatar. -

.. . .

..
..

“The ocintlnioui ucxipz+ssqrlesa.LorZn$ot+kpu.lslontit uIW
Cyllnm.oalC(mibuqtionOhalnber‘and high d@lar* temp3retm=ea

mak6a it possible,at -fJylngspeedsdl@ly am. the velooity of
somd, to obtainthrusthmsepoweqs of the mdw. d? m@itude of
f Ive-place horsqinmr fl-es at efflolqnoleaof one-tblrdto
me-half d the ‘@W efflolenoiesof convan$ic@ p.wpellerpro-
pulsicmUnite●

.

.- . A..
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The thecmtioel muMeratlcm-.
ai existbg aLrplanet3tith md.taof

u
B

are oodlrmed by towingtests
mm than half nat=al alsoat

flying8peedaW to QOO metersper seed, Wile 6ti9dp_
fliat teatsat speeds~ to 300iztetemper eeoond with apeohil
airplaneatruotmes qre in preparatlono

Wlti this Jet-ypqpulmlau-t very em ocmtxuotie~flgbtam
can be deEIled, whloh aooordlngto’the dataavailableoan olinib

rto nearlyZ ,000lmterealtlttiewithin3 minutesand remainW to
an helm at thoselevelstile ocwcmti~a Mzatal dietanoe~ to
1000 IcLlamters.

The apparautly obtainable flying speeds lie at JIOO k!lcmmtera
per hemry at sea level@ at 950 Idlmelxm per henryin the
etratospheme,

6uoh airplanesare readyto uee cm low-attaokmisslcxulfm
Mstancea up to MM kilaneters,for leveland dive-baMng mimslmae
from hi@ altitudesfor distancesqp to ~ ktlanetersand as
fightersin the stratospherefor up to me hour duration.

TrenalaMm by Jo Vanler
NatiomalAdviacwyConndttee
fcw Aemxlautios

—— —.-..—.- -—- _ —



TABLE I

TESTS WITH HIGH-TEMPERATURE LORIN JET TUBESFLIGHT TOWING

(Fl = 0.0314m2;

I I I

=F=
‘2 3

0.20m2; F = 0.129m2; N
4

= 2400 hp)
nQm.

Iqec;ll Directionof *~yd :~ce;orAp2/q Ap3/q A
CA. % ‘%=

Fue1 Injection inJection A/qz :; c~:~k
($ in mm)

(.v&)+o.2 o.7:dP2/q Remar16

“es’u’e (flightdu’atl”n) (P$E ) m (-)
(-) (-) (kg) (-) (-) -o.21fAp3/q

1

L3@.65;192.7 13 0.225 1.16 O.ffi 0.21 52.7 0.69

&
tlfil.63;142.7 11 0.220 1.19 0.66 0.22 51.2 0.65

~.- - 0.223 1.20 0.66 0.23151.0 0.132

No.
,es t

Date M ti tude Speed
(m) (m/se. )

F41 27.6.4:

43 3.6.+ +

5Q0 80.2

1950 8a.2

0,24 0.44 0.44 Contimous lnJ ection “ecess.ary

0.20 0.40 0.42 Diffuserintakeroundedafter
thiscontinuo~ inJection tes

0.16 0.26 0.43 ContinuousM ection4413.6.4:=-k
1900 a2.6 7@.6., 10 L 0.161 1.04 0.?2 0.25 62.3 0.77

7@l.65 32 0.215 1.19 0:80 0.27 57.6 0.76

— \ ( )

I I I 5 injectionnozzlesforward,
0.32 0.52 0.47 2 backward,continuousin-

jection
45 I 4.6.4

-t-48 4.0.4 aloe I 86.9 0.31 0.51 0.52 Only Initial@nitiOn

0.32 0.53 0.4649 \ 6.6.4: 551 I 81.0
--- .—’ . . ---- ---i
791.65 I 32 ““~ 0.232 1.20 0.73 0.29 00.8 0.75

6$1.65;102.7 11
k

0.186 0.96 0.64 0.26 61.2 0.66

I@l.65.I@ .7 14 0.213 1.09 0.88 .0.27 64.4 0.71

6@l.65!1$2.7 15 0.222 1.15 0.70

7S1.65 36 0.257 1.35 0.77
_ _ : : : .m~=~~=~~r0.28 62.S O.B1 ;

6241.65:1$2.7 16 ~ o.249” 1.z5 o.68 O*3Z 62.o 0.73
r -1

0.30 I 0.50 I 0.47

0.21 0.41 0.41
I

-+=

50 E.6.4

51 6.6.4
—
52 6.6.4 I 0.26 I 0.46 ] 0.44 ]

-t--
53 8.6.4

1000 I 82.6 I $55
I
8.6.4

T50 S.6.4

57 6.6.*

, , 1
1

0.26 z smallnozzlesforward,
% 0.46 0.52
d the restupright,.

761.65 38 I 0.263 1.41 0.61 0.27 60. 0.81
<

l@l.65 I 7-1/4 I \ 0.216 1.17 0.73 I 0.29 =. 0.74 ‘Ekzia ;3=
68 _9.6.4

59 0.6.4

61 11.6.4

62 11.6.4

0.216 1.15 0.73 0.29 53.C 0.67

0.232 1.17 0.75 I 0.22 67.4 0.71

63 111.6.4

=--k= 0.30 ! 0.5s 0.56 ! .. . . .—

3=
65 ll.e.d

66 11.6.4
—

e7 12.6.4

I 0.36 ! 0.56 0.55
I

wlt.rIscreenulneascruc across
and at 213 depthof the

I .III-F,,.P.
I -...,-.

o.3a 0.56 0.54

0.30 0.50 0.’40 Substantialsolutionof
gaeolinesprnygives good

0.31
result6even at low injecti{

0.51 0.52 pressureI 12C1 I 65.5
!.

4:;
14#1.65 12

I

0.245 1.27 0.81 I 0.2i 62. 0.76

1200 82.5 .2’ 7@.7 4 0.226 1.19 o.e7 0.20 e4. 0.70EE
e6 2.6.’%!

69 12.e.g

70 12.e.4

0.25 0.45 0.44 I Injectionpressuretoo low
1 I
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Testperiod in sec.

%
* iv excess fuel --lnsurf~clency 1/1 /43
fxm:g * l\m of fuel P ws!s~:d: ;97 ds
..E ?. E2-Richter-Nozzle# 2.7Mfor10atm.
.sQ~{a:.g \ I I I I IO1-raYurrdTdr

Test periodinsec.
TABLE 11.- RESULTS OF FLIGHT TOWING TESTS WITH HIGH-TEMPEWTURE

JET TUBE OF F1 = 0.283m2; F2 = F3 = 1.76m2; F4 = 1.043m2 AND

20,000-H.P. RATED OUTPUT
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Figure 1.- Jet tube of 2. 5m diameter at flight near sea level with
stoichiometric gasoline consumption and 1100 Km/h (v/a= 0.9)
flying speed. (Thrust: 16.4 tons, thrust coefficient: Cv = 0.57;
gasoline consumption: 1.19 Kg/see t; efficiency: 5.7%; thrust
horsepower: 67,000 hp.)
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Figure 2.- Efficiency and fuei
consumption of jet tube at
T1 = 288°K (near sea level)
by approximation.
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Figure 3.- Propulsive efficiency
of jet tube-at Tl = 288°K (sea

level) by approximate method
(solid curve) and by exact cal-
culation (dotted line).
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Figure 4.- Efficiency and fuel
consumption of jet tube at
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Figure 5.- Propulsive efficiency
of jet tube at T1 = 216.5 K

(stratosphere) by approximation
(solid line) and by exact cal-
culation (dotted lines).
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Figure 6.- Maximum thrust per

m2 of maximum cross-sectional

area P/F2 (t/m2) and the re-

spective fuel consumption
B (Kg/sect) for stoichiometric
hydrocarbon combustion.
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Figure v.- Maximum thrust horse-
power per m2 of maximum cross-

sectional area L/F2 (HP/m2)

and the respective efficiency
n for stoichiometric hydro-
carbon combustion.
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Figure 8.- Jet tube without discharge nozzle; pressure wire in diffuser and
coefficient of propulsion cv.
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Figure g.- Coefficient of ~ro~ulsion Cv(-l, efficiency (%),

cross-section ratio F1/F4(-) and fuel consumption

B {Kg/see) ) plotted against ratio F1/Fz for V/a = 0.3

and stoichiometric octane-air combustion at 0.4 and 12 Km
altitude.
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Figure 11.- Phase
cross sections
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Fl, F2, F3, and F4 of a jet tube with the

dimensions F1/F2 = 0.16 plotted against the flying speed
v/a at ()Km flight level and with respect to the fuel volume
factor m.
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O Km height for a jet tube With the dimensions F1/12=0016 for
various hydrocarbon–air mixtures plotted against the cross section
ratio F1/F&
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with the dimensions F1/F2 = 0.16 plotted against fly-
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Figure 14. - Coefficients Cv, excess pressures Ap2/q and Ap3/q at

4 Km flight altitude for a jet tube with the dimensions F1 /F2 = 0.16

for different hydrocarbon-air mixtures plotted against cross section
ratio F1 /F4.
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factor m.
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$25

Figure 16. Coefficients Cv, excess pressures A P2/Q and AP~q
at-12 h altitude for a j~t tube with the dimensions F1/F2=0.16
for various hydrocarbon-air mixtures plotted against the cross-
section ratio F1/F4.
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Included ●ngle of diffuser in degraes

Figure 17. Diffuser efficiencyA pxyq plotted against included
angle according to towing tests with high-temperature jet tubes
at V1=20 m/see and F#F1= 6.25.
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Figure 18,- Road towing test with Lorin combustion chamber
for studying the injection and combustion processes.
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Figure 19.- Road towing test with Lorin combustion chamber of
800-mm diameter and 2400°K discharge temperature for studying
the injection and combustion processes.
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Figure 20.- Road towing test with high-temperature jet tube for measuring the
diffuser efficiencies.
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Figure 21.- 2400-hp jet tube on the Do 172 as experimental carrier.
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Figure 22.- 2400-hp jet tube and thrust recording setup on the Do. 17z.
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Figure 23. 2400hp jet tube on the DO 17Z~ flight in cold state.
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Figure 24. 2400hp jet tube with v=85m/sec. in operation.
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Figure 25. - Side view of 20,000-hp jet tube mounted on the Do. 217E2 as
test carrier.
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Figure 2fj. - Interior view showing injection cross from rear.
20,000-hp jet tube mounted on Do- 217E2.
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Figure 27. - 20,000-hp jet tube on the Do

z
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217E2, flying in cold state.





Figure 28. - 20,000-hp jet tube on the Do 217E7 with v = 130 m/see
in operation. m

a.





Figure 29.- 20,000-hp jet tube on the Do 217E7 with v s 200 m/see
in operation.
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Figure 30. - Over-all arrangement drawing of a jet fighter with 60,000-hp jet unit.
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Figure 31. - Estimated polars and take-off conditions of jet fighter.
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Tube diameter d2 (in m).

Figure 32a. - Actual time of ascent of jet fighter to 12,000 multitude and
relative fuel consumption plotted against flytig speed v and tube
diameter d2.
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Figure 33. Conditions of horizontal flight.
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Figure 34. - Flight path of jet fighter used as level bomber gives at
1000 Kg useful load and 16 Km altitude about 430 Km depth of
penetration.
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Figure 36.- Flight pathofa jet bomber with 20,000-hp jet tube givesat
1000 Kg useful load and 16 Km altitude about 270 Km depth of
penetration.
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